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Aksmut  •  A  Mif'COMieUtMl  tolM  state  switch 
has  bcm  developed  for  ue  as  aa  opealaf  device  for 
an  iadactlve  eaergp  stare.  35  kA,  SSOd  V  operatioa 
has  heea  obtaiaed  ia  a  coaipact  switch  laodale.  The 
swilcb  tapotofy  Is  a  two -stage  hybrid  coaslstiag 
of  an  SCl.FST  /  SCK>IGBT  coaibiaatiea.  The 
switch  la  derigaed  to  charge  as  Iadactlve  eaergy 
store  aad  repetittveiy  coMaatate  the  carreat  to  a 
dyaaoilc  loatL  A  2S  kA  switch  aodale  has  bcea 
bout  aad  tested  oa  a  battery  test  stead  at  Geaeral 
AtomlcB.  The  theory  of  operattea,  circait  topology 
aad  tost  resalti  are  ghrea  la  this  paper. 


L  IKTRODUCnON 


ladnctive  energy  titles  have  detnatwaied  higher  eae^ 
I  dengties  dan  cniaciB’ve  energy  shwes.  A  liaiitaiion 
in  dw  a»  of  indnetive  eaergy  stores  has  been  theavsUbUity 
adei|a«Bly  rued  opeahtf  swhdhes.  A  capodtive  energy 
sne  Deeds  only  a  closiag  switch  to  dehver  energy  to  a  loa± 
IQgh  power  doafaig  swtehes  are  available  in  the  fonn  of 
sp^gqis,  ighhroBS,  and  SCRs.  Each  of  these  devica  can 
nMNnatai^  oondact  caneats  in  eMcn  of  100  kA.  but  ooce 
tintermpt  cuiientflow. 


t  doK  aad  coodact  caneat  to  charge  the  eaergy 
^  stone  and  then  aaoinentarfly  open  (intetnqa  the  carrent  flow) 
((aansdar)  die  caneu  to  die  load.  Mechanical 
(no  tbyistaa,  and  tiansisiars  are  available  for 
dds  opening  swhA  dsqr  bat  aD  have  tnoch  lower  power 

Mfieb— iql  ftiriMw  ckne  SPd  CTHdaCt  W 

charge  an  iadaedve  easily  SKBO  bat  have  UmiiBd  Utility  and 
Biiniua  latte  openiBg  phase  of  their  daty.  In  contrast  solid 
stale  opening  swacheehsvecxceptiooalntility  and  lifetiine. 
bat  suttr  condaetien  toasee  and  have  leladvely  low  single 


I  generally  pcefened  over  other 
nneh  is  availahie  for  the 
I  Is  10  boOd  end 
opcah«  swfieh  wMch  has 
aad  saflBdeatly  high 
in  htdaedve  energy  store 


n.  THEORY  OF  OPERATION 

Rguie  1  shows  a  cucuit  scheinstic  for  the  demoostratioa 
switch.  It  can  be  seen  that  the  switch  is  of  a  hybrid  design 
with  two  conduction  paths  and  four  active  switching 
ekmentt. 

INDUCTIVB  CURRENT  CURRENT 

ENERGY  CHARGING  COMMUTATION 

STORE  STAGE  STAGE 

4  4  4 


Fig.  1.  Opening  switch  circuit  schematic. 

As  wUl  be  explained,  the  different  switching  elements  of 
the  circnitschem^peittBi  ID  the  different  switching  leases 
that  an  iDdnedve  energy  store  opening  switch  most  sunxm. 
Tbeu  phesee  STB. 


1)  CSnrge 

Cloie  and  conduct  inductor  cunent  from 
zero  to  maximum  with  minimum  losses. 
Requires  low  conduction  voltage  drop. 

2)  Commutation 

command,  commuaie  current  out  of 
the  switch  and  into  the  loed  by  forcing  a 
large  voltage  drop  across  the  switch. 
Raqttres  high  commuiadoo  vtdtage  and 
fosthamHoffspeedl 

3)  VokigeBlackhif 

Block  any  voltage  prodoced  by  the  dynamic 
tond  and  maintain  zero  current  in  the 


1 


switch.  RequBCS  btochhn  volufe  is 
the  off  «M. 

Rfldosow 

Itoelow  md  recover  cuntm  fron  (be  load 
1900  comnaiid.  Requires  fast  tain-on 

ipnnf, 

These  retpiiremenu  have  a|iawaed  the  dual  siafe  hybrid 
switch  design  shown  in  figree  1.  The  two  conduction  paths. 
Si  and  Sg  in  1,  pio^  for  two  sqnraiB  switching 
re^es.  Stage  1  (switch  Si)  peovides  for  the  low  loss 
chasgiBg  ftinciiow  of  te  switch  while  stage  2  (switch  Sg) 
pravidaa  for  the  Rneed  cuiwnt  commntation  ont  of  the 
switch.  PtovhBng  these  two  stages  has  aSowed  the  switch  to 
meet  the  conflicting  design  reqniwnieais  of  low  conduction 
loss  dosing  chtf^^  and  a  Cut.  hi^  voltage  cnnent 
oononnmtian  to  the  toad. 

The  topology  also  provides  for  a  cascode  (series) 
connection  of  an  SCR  and  a  tnoiaiator  in  each  switch  stage. 
The  charging  switch  stage  has  a  SOGO  V  SCR  in  cascode 
whh  n  SO  V  m  ttansistor  while  the  commnation  switch 
st^  IM  n  5000  V  SCR  in  cascode  with  a  1000  V  IGirr 
truisMr.  This  hmovadve  atiangenifnt  of  semkondnctor 
devices  sdlows  the  transistors  to  accomplish  the  lower 
voiiage  commntation  Itanctions  addle  dre  SCR  accomplishes 
the  5000  V  blocidng  flmction  in  a  aingk  high  power  device. 
By  sepmating  the  hmctions  of  charg^  commutating,  and 
voftege  Mocking  we  hove  ben  aMe  to  provide  a  swteh 
wMdl  coMprownBt  kw  penooBMOS  amiMM  sn  nif  a 
power  densiqr  approaching  that  of  a  dqdngtwdtchCKaiX 

Since  two  klOS  deviM  0^.  IQBT)  controi  an  SCR 
thyiisur,  we  catt  the  swhch  a  BMdOS  Thyristor  CBhfl). 


These  how  this  concept  woks,  refer  m^  1.  Switches 
Sia  and  Si^  ace  dw  chargtag  switches.  InitiaDy,  the 
cemhined  switdi  tnnst  hold  Mf  the  idadvely  low  source 
vehaga.  Both  awiteh  Sig  and  Sig  are  triggered  into 

Whan  dta  deohad  CDcnat  is  reached  and  one  wbhes  to 
begin  dm  cemmattaion  process,  switch  Sga  and  Sgb  on 


ont  of  swiieh  Si,  and  fauo  switch  Sg  at  a  rate 
rod  by  the  aeV  iadaoroee  of  the  awiteh  Si-Sg  cucniL 
nant  MIe  to  aero  in  awiteh  Si  dm  SCR  CSia)  win 
n  sacovar  ha  voltage  capabitiiiea.  The 
y  iam,  h|,  is  in:  pa  Itar  dm  5000  V  sot  we  have 
iMiar  fc^pa  M  Aril  carwat  conduction  dm 
pflhn  .iwhaht  tadmh  Snn  is  gfvan  a  gma  ooanaand 


and  the  load  circuit  ud  the  vohage  produced  aciom  switch 

Sg. 

The  IGBT  switch  Sgb  bas  a  1000  V  imk^  and  an  800 
V  MOV  clamp  acrom  h.  An  IGBT  tum-off  darn  of  20  ps  is 
selecred  to  provi^  a  smooth  cunreat  hand  off  to  the  MOV 
clamp,  to  maintain  a  re^tpUed  dV/dt  to  the  Si^  SCR  of  £ 
40  V/ps,  and  to  minimize  switdi  Sg^  tura-off  loss.  After  the 
IGBT  of  Sgb  is  ftiUy  turned  off.  the  MOVs  maintain  800  V 
across  its  tenninals  until  cunent  is  fully  commutated  to  the 
toad.  With  nominal  circuit  inductances  this  nan  process 
takes  >  75  ps.  The  entire  process  takes  <  1  ms,  allowing 
switch  Sg  to  be  pulse  rated.  Cuirem  in  excess  of  five  times 
the  coodnuous  ntiog  oi  switch  Sg  is  allowed  for  these  shore 
pulses. 

After  commntation  is  complete,  the  voltage  across  the 
swhch  wiU  Cdl  to  a  level  dictated  by  the  instantaneous 
voltage  drop  of  dm  load  (this  voltage  is  geneafly  much  less 
than  the  1000  V  rating  of  Sgb)*  The  commutation  switch 
SCR,  Sgj^,  is  allowed  lecoveiy  time  in  the  mierval  between 
cnnent  commutatioa  and  the  point  where  the  dynamic 
voltage  produced  by  the  Iced  exceeds  800  V  (qwed  voltage). 
After  thii  recovery  time  elafuss,  >  100  ps  for  SCR  Sg^,  the 
entire  soritch  is  ready  to  supp>xt  a  5000  V  back  voluge 
which  is  produced  by  the  load. 

A  timeline  which  depicts  the  intended  cuirem  and 
voltage  wavefbrens  for  this  switch  is  shown  in  Fig  2. 


iMSCMumr 


The  swtedi  c»  be  irigfmd  tack  imo  cooductiao  at  any 
itee  durinf  the  open  phme  and  it  is  Klf  protected  to  trigger 
beck  into  ctwdnciiontfSOOOV  across  the  load  is  exceeded. 


DL  CIRCUrrDESCRlPTTON 


A  idiotogiaph  of  the  first  2S  kA,  SOOO  V  switch  module 
is  shown  in  3.  The  rdadonship  of  the  physical 
anangement  of  tte  switch  module  widi  tta  cacnit  schanatic 
is  shown  at  1^  4. 

In  order  to  achieve  a  2S  kA  module  rstiog  several 
snbmodides  were  jdaced  hi  panUd.  A  chargiag  switch 
submodule  consisis  of  an  ABB  CS-2104. 3000  V.  SCR  in 
cascode  connectioa  with  two  FET  modules.  Each  FET 
module  coasistt  of  96  Harris  RFAIOONOS.  SO  V  FET 
transhoors  in  parallel  connection.  The  nominal  S  second 
ciBiem  rating  far  eadi  charing  switch  sdbmodnle  is  4.166  A 
at  a  2JS  V  conduction  drop.  The  relative  distribution  of  the 
charging  switch  conduction  drop  is  shown  in  Hg.  Sa.  Sht 
conduction  switch  submodules  are  {daced  in  fmiallel  to 
achieve  the  23  kA  mtfag. 


Ida  and  is  WTftftnl  fat 

iitfm  «enf  64  Anis 


rating  fbr 


committation  switch  submodule  is  12.300  A  at  a  V  drop 
for  operation  &  3  ms  for  each  opening  cycle.  The  relative 
distribution  of  conduction  drop  is  shown  hi  Fig.  3b.  Two 
commutation  switch  submodules  are  placed  in  luuallel  to 
achieve  the  23  kA  rating. 

To  comidete  the  switch,  seven  Siemens  B80K27S  100 
mm.  zinc-oxide  varistws  are  placed  across  the  IGBT 
transiston  in  the  comnratatioo  switch  submodule. 


IKD  (US 


Fig.4.  Detail  (^physical  arrangement 


FcniU  OperadonandCunttu  Sharing 

^Rs  have  nonlinear  resistivity  (voltage  drop)  and  a 
n^mive  temperature  coefficieat  resistivity.  This  will 
cause  the  warm  SCR  in  a  parallel  array  to  thaw  more  current, 
whidi  drives  its  ten^eranve  iqi  even  more.  This  positive 
feedbag  effect  could  raise  the  SCR  jimctioo  temperttue  to 
the  point  where  it  cannot  recover  and  hold  volti^  after 
comtaction.  tf  an  SCR  in  a  pandld  array  does  not  recover,  h 
wffl  takjB  aU  dm  current  intended  for  the  fiiD  vray.  SCR 
destroction  is  likely  if  protective  action  is  not  taken.  ChoA 
designers  typkaOy  mitigate  this  situation  by  adiSng  aeries 
retiaance  a^  allowing  for  a  20-30%  cunent  misnm^  In 
dm  qtproach  we  have  taken,  the  cascode  connected  FET  not 
only  farces  canem  ooranmtation  bm  it  fasces  current  riiathig 
am^  dm  SCRs.  U  does  so  by  acthig  as  a  bde  restaor  with 
a  saoi^  posidve  lempcruare  coefficient  of  resiaiiv^.  This 
SCR-I%r  asrangement  in  a  submodule  htm  a  net  posfdve 
ttiupeiaiaw  coefficient  of  resistivity  at  any  cunent  above 
1.200  A.  TMa  dhniiiaies  dm  as^er  widi  dm 

tafiSCRamqm. 
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CBAIiCailO  COMMITTATKW 

SWITCH  SWITCH 
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Fig.  S  OO  The  idttive  coadoctkM  vohafe  drqis  of  tiie 
diarflof  oiriidi  oonpoocao.  (b)  Tte  idotiw  conchictioa 
voittgB  dkop  of  dw  pidoo  ooQuioittioB  switch  oompoMMs. 

TkermaiManagtmat 

Evoa  iHih  a  nlHiwIy  low  coodacthM  drop  of  Z3S  V,  a 
2S  kA  fwiich  «■!  fejea  ten  of  kflowMi  of  Imol  TUs 
swiicht  which  is  hHcodsd  o  ho  oisd  fof  5  ssooMli  sis  tbiio« 
IflldB  (K^  tfMKIRfll  ittCMfalll  CIOOfilML  tlNMRI^CNrik 

sarvw  as  a  iMi  liak  10  iteoA dUpiM  ia  €ic^ 
chwgfam  swteh  aoihde.  He  dMnMl  ■■■  of  Ho  honvoric  is 

wMi  hs  oonrinol  heat  lood.  SovonI  S  secood  non  coo  bo 
sMdo  boftmieavenhao  tabs  am  leachod.  He  hew  flax  iao 
ite  *««— MW  it  laeh  thoc  womr  could  hwmw 


ng.  6.  Opendonol  test  results  firom  2S  IcA.  full  cuneat 
switch  opoatioa.  Top  trace  is  switch  current  at  2S  kA/div. 
Boaom  Baoe  is  the  lo^  vohage  at  20  V/div. 


V.  CONCXUSION 


A  hybrid  anangeaiem  of  power  semkooductor  which 
coosisis  of  SB  SCR'FET/  SCR-lGBTcoinlHnatioa  has  been 
desigaod  and  hoib  for  use  as  an  inductive  energy  sum 
opeH^  switch.  Excepdooal  performance  has  been  obtained 
with  a  25  kA,  5000  V  switch  module  using  this  switching 
lopoh^. 


ACKNOWLEDGMENTS 


tho  25  kA  switch  modulo 
saccoaafoily  opemted  at  foil 


shswa  in  Fig.  3  has  been 
General  Atomics  in 


The  antbors  woidd  like  thank  Josh  Koiawtde  of  SAIC. 
and  David  Doll  of  General  Atomics  who  have  been  of 
invaluable  awisiance  with  this  project. 


100%  emrcurient  (200%  rated 

IMNBOQMICWSMI  lOr  •  pCnOO  Oi  1«3  SBCOWOli  vvim  IM 

[  a  25  kA  eoannatadon  am  shown 


htfli.H 


Distributioii 

WL-TP-92-006 


Defense  Tedi  Mo  Center 
Attn:  DUC-DDAC 
Station 

Alexandtia  VA  22304>614S 
2 

AUULSE 

MaxweU  AFB  AL  36112-5564 
1 

AFSAA/SAI 

The  Pentagtm,  Room  1D363 
Washington  DC  20330-5420 


DARPA/TTO 
Tactical  Technology  Office 
Attn:  Mr.  Peter  Knnmy 
1400  Wilson  BlvcL 
Arlington  VA  22209-2308 
1 

Naval  Surface  Weapcms  Center 
Atm:  Mr.  P.  T.  Adams,  Code  G-35 
Dahlgren  VA  22448 
1 

SDIO/TNC 

Atm:  Nfr.  Mick  Blackledge  and 
Maj  Donna  Strome^ 
Washington  DC  20301-7100 
1 

SDIO/TNI 

Atm:  Dr.  Dwight  Duston  and 
Lt  Col  Pedro  Rustan 
Washington  DC  20301-7100 


Eglin  AFB  FL  32542-5000 

WL/CA-N  1 

WL/MNOI  (Scientific  &  Tech.  Mo.  1 
Facility) 

WL/MNSH  4 

AFDTC/PA  1 

WUFIES/SURVIAC 
Wright  Patterson  AFB  OH  45433-6553 
1 

HQUSAFE/INATW 
APO  NY  09012-5001 
1 


U.S.  Army  Strategic  Defense  Command 
Atm:  DASD-H-Q  (Lt  Col  Steven  Kee) 
P.O.  Box  1500 
Huntsville  AL  35807-3801 
1 

U.S.  Army,  ARDEC 
SMCAR-FSE,  Bldg  329 
Atm:  Mr.  Tom  Cmadeschi  and 
Dr.  Thaddeus  Cora 
Picatinny  Arsenal  NJ  07806-5000 
1 

U.S.  Army  Ballistic  Research  Laboratory 
SLCBR-TB-EP 
Atm;  Dr.  John  Powell 
Aberdeen  Proving  Ground  MD  21005 
1 

WL/POOX 

Atm:  Dr.  Charles  E.  Oberly 
Wright  Patterson  AFB  OH  45433-6553 
1 


Auburn  Research  Fbumlation 
Office  of  the  Vice  Pies,  for  Research 
Atm:  Ms.  Barbara  Ausharian 
202  Samfold  HaU 
Aabmn  Umversi^  AL  36849-5160 
DAL:  29335:  CCAL:  0001682 
1 

Rome  toDn.  R.  F.  Askew  (Dir.,  Leach 
Noclear  Seknoe  Or.)  and  ll  J.  Qothiaus 
(Dq^  of  Ffi^^ics) 


GA  Technologies,  Inc. 

Atm:  Mr.  Charles  N.  Stem 
P.O.  Box  85608 
San  Diego  CA  92138 
DAL:  06785:  CCAL:  0002129 
1 

Route  to  Drs.  Robert  Bourque  and 
L.H(dland 

Genmal  Dynamics  Pomona  Division 
Atm:  Ms.  Dottie  Patterson 
1675  W.  Nfis^on  Blvd. 

Pomona  CA  91769-2507 
DAL:  01461;  CCAL:  0001182 
1 

Route  to  Dr.  Jaime  (^uadcos 


Bodiig  AenMpftce  Coo^any 
Ann:  Nfr.  Dn^  Wilson 
P.O.  Box  3999 
Seattle  WA98124>2499 
DAL:  27984:  CCAL:  0005729 
1 

Route  to  !>r.  J.  E.  Shrader 


General  Research  CoiporaticHi 
Attn:  Ms.  Carol  Dcmi^ 

P.O.  Box  6770 

Santa  Barbara  CA  93160-6770 
DAL:  10824:  CCAL:  0000358 
1 

Route  to  Dr.  William  Isbell 


Electroma^tic  Uuinch  Research,  Inc. 
Attn:  Mr.  Thmnas  R.  Erradetie 
2FdxRd. 

Hudson  MA  01749 
DAL:  28SiLI:  CCAL: 

1 

Route  to  Dis.  Hemy  Kolm  and 
Peter  Mongeau  and  Mr.  William  Snow 


GT  Devices 

Attn:  Ms.  Ada  Burnette 
S70S  General  Washington  Dr. 
Alexandria  VA  22312 
DAL:  22285;  CCAL:  0001427 
1 

Route  to  Drs.  Doug  Witherspoon,  Shyke 
Goldstein,  and  Ro^ey  L.  Burton 


lAP  Research,  Inc. 

Atttu  Mr.  David  P.  Bauer 
2763  Culver  Ave. 

Di^  OH  45429-3723 
DAL:  282^  CCAL: 


1 

Route  to  Dr.  J<to  P.  Barber 


NASA  Lewis  Research  Center 
Attn:  L.  T.  Jarabek,  Library 
21000  Brodqpaik  Rd 
Cleveland  OH  44135 


DAL: 

1 


5;  CCAL:  0007346 


Route  to  Ms.  Lynette  Zana,  MS  501-7 


Lawrence  Livermoie  NatL  Lab 
Attn:  Ms.  JeanIBgby 
P.O.  Box  808 
Livermore  CA  94550 
DAL:  06635:  CCAL:  QQQ1562 
1 

Route  to  Dr.  R.  S.  Hawke,  L-156 


Pacific-Sierra  Research  Corp. 
Attn:  Ms.  Celia  A.  Griffin 
Suite  1100, 1401  Wilson  Blvd. 
Arlington  VA  22209 
DAL:  23223;  CCAL:  QQQ215Q 
1 

Route  to  Dr.  Gene  E.  McClellan 


Los  Alamos  NatL  Laboratory 
Attn:  Mr.  Jack  Carter,  Report  Lilxarian 
P.O.  Box  1633,  MS-P364 
Los  Alamos  NM  87545 
DAL:  31452;  CCAL:  (2001522 
1 

Route  to  Drs.  Jerry  y.  Parker  and 
L.  A.  Jones 


LTV  Aeromace  ami  Defense  Co. 
Attn:  Ms.  Sterry  D.  SUer 
P.O.  Box  6500^ 

DidlasTX  75265-0003 


DAL:  (20358;  CCAL: 


1 

Route  to  Drs.  Midiael  M.  Tower  and  C  R 

(M^  TK-83)  and  hfr.  George  L.  Jackson 


MaxweB  Lkbosaiories 
Alin:  Ms.LiiidaN.  Thomas 
nSSBiftoa 
SMDte  CA 93123 
PAL:  aaitt;  CCAL;  0001202 
1 


lliiiMtinPit.  Rolf  DMUePoo  and 
llftMiiitb«rf»ir.MlatWBiEinson  6 


R&D  Associates 
Attn:  Data  Custodian 
P.O.  Box  92500 
Los  Angeles  CA  90009 
DAL:  12415:  CCAL:  0001219 
1 

Route  to  Dr.  Peter  Turchi 

S  AIC  Advanced  Concepts  Division 
Attn:  Ms.  Bethany  Madden 
1519  Johnson  Ferry  Rd.,  Suite  300 
Marietta  G  A  30062 
DAL:  32383:  CCAL:  0009775 
1 

Route  to  Dr.  Jad  Batteh  and  Messrs  W.  Smith 
and  L  Thcnnhill 

SAIC 

Attn:  Mrs.  Susan  Deonatine 
1427  N.Eglin  Parkway 
Shalimir  1^2579 
DAL:  31222;  CCAL:  (2Q11312 
1 

Rome  to  Mr.  Floyd  Graham  aixl 
Dn.  Jodi  Kedawole,  Glam  Rolato',  and 
Keidi  Jannstm 


MER  GoqxsatkHi 

Attn:  Dtta  Custodian 

7960S.Kon>Rd. 

t^eson  AZ  8S706 

DAL:  31889:  CCAL:  00Q3169 

Rome  to  Ms.  L(m  Leaskey  and 
I^.R.U»idy 

SPARTA 

Attn:  Mr.  James  Po(m 
9466  Tovwie  Centre  Dr. 

San  Diego  CA  9212M964 
DAL:  28397:  CCAL:  QQQUSi 
1 

Rcnite  to  Dr.  Michael  M.  Holland 
and  Mr.  Stuart  Rosmiwasser 

Systmn  Planning  Cmpmation 
Attn:  Ms.  RjyllM  W.  Moon 
1500  Wilson  Blvd. 

Arlingttm  VA  22209 
DAL:  CCAL:  0000279 

1 

Route  to  Mr.  D(»ald  E.  Shaw 

University  of  Alabama  in  Huntsville 
Research  Security  Office 
Attn:  Ms.  Gladys  B.  Jones 
P.O.  Box  18381 
Huntsville  AL  35804-8381 
DAL:  28339:  CCAL:  0002821 
1 

Route  to  Dr.  C.  H.  Qien 

University  of  Tennessee 
Space  Inst/Uhiary 
Attn:  Ms.  Matjorie  Joseph 
Tullahoma  TN  37388-8897 
DAL:  15965:  CCAL  0000429 
1 

Route  to  Dr.  Dennis  Keefer 


Samiia  National  Laboratoiy 
Atm:  Technical  Liteary 
P.U.  Box  5800 
Alteiqueique  NM  87185 
DAL:  23683:  CCAL:  0001104 
1 

Rmtte  to  Drs.  Maynard  Cowan  (Dept  1220) 
and  Jim  Asay 

University  of  Texas 
Center  for  Electromechanics 
Balcones  Research  Center 
Atm:  Ms.  Maicie  Powell 
P.O.  Box  200668 
Austin  TX  78720-0668 
DAL:  00111:  CCAL:  0005531 
1 

Route  to  Prof.  William  Weldon  and 
Raymond  Zowarka 

Westinghouse  Elec.  Corp,  Marine  Div. 
Technical  library  EE-5 
Atm:  RietBlei 
P  O  Rnx  3499 
Slulityvale  CA  94088-3499 
DAL:  06933:  CCAL:  0000703 
1 

Route  to  Drs.  Dan  Omry  and  Hugh  Calvin 

Westinghouse  Electric  Co. 

Science  &  Technology  Center  Library 
Atm:  Ms.DccHanko 
1310  Beulah  Rd. 

Pittsburgh  PA  15235 
DAL:  00415:  CCAL:  0000704 
1 

Route  to  Dr.  Bruce  Swanson 

W.  J.  Schaffer  Associates,  Inc. 

Atm:  Data  Custodian 
321  Billerica  Rd. 

Chelmsford  MA  01824-4191 
DAL:  22202;  CCAL:  0001458 
1 

Route  to  Dr.  George  I.  Kachen 


